high fluorescence quantum yield and good photostability. 3 When condensed with salicylic aldehydes, they underwent spirocyclization due to intramolecular addition of the phenolic oxygen atom across the carbon atom at the 2-position of the indole to give photochromic and thermochromic 1-carbamoylmethylindoline [2,2'] spirobenzopyrans. 4 It is known also that 1-carbamoylmethyl-2,3,3-trimethyl-3H-indolium chloride upon treatment with base undergoes cyclization to 9,9a-dihydro-1H-imidazo[1,2-a]indol-2(3H)-ones by nucleophilic addition of the amide nitrogen atom across the carbon atom at the 2-position of the indole. 2 Furthermore, 9a-styryl-9,9a-dihydro-1H-imidazo[1,2-a]indol-2(3H)-one derivatives were designed as color formers for pressure-and heat-sensitive recording materials. 5 Finally, reaction of 1-carbamoylmethyl-3H-indolium chloride with hydrazine bishydrate selectively afforded 1-amino-9,9a-dihydro-1H-imidazo[1,2-a]indol-2(3H)-ones, possessing a cyclic hydrazide moiety, which was easily transformed to various heterocyclic structures. 6 In an effort to expand the chemical space of ring fused indoline derivatives bearing an annelated heterocycle at the N-1 -C-2 bond of the indole nucleus, the objective of this work chelating abilities and various biological activities. 
Results and discussion
It is known that a hydroxamic acid moiety can be easily introduced by treatment of amides with hydroxylamine at neutral or at alkaline pH, 14 while the corresponding reaction with esters requires alkaline conditions (pH > 10). 15 When 1-carbamoylmethyl-2,3,3-trimethyl-3H-indolium chlorides 1 were heated with hydroxylamine hydrochloride in the presence of sodium hydroxide, selective formation of the 1-hydroxy-9,9,9a-trimethyl-9,9a-dihydro-1H-imidazo[1,2-a]indol-2(3H)-ones 3 took place without any observation of the corresponding six-membered compounds 4. Similarly, 1-(methoxycarbonyl)methyl-3H-indolium perchlorate 5, prepared by treatment of 2,3,3-trimethyl-3H-indole with methyl 2-bromoacetate, 16 efficiently reacted with hydroxylamine under basic conditions to afford the five-membered compound 3a (Scheme 1). 
Scheme 1
The formation of derivatives 3 likely proceeds through a mechanism that includes formation of the enamine intermediate 2 that undergoes cyclization to the tricyclic compound by intramolecular addition of the hydroxamic nitrogen across the electrophilic indole C-2 atom.
Formation of cyclic hydroxamic acid derivatives by addition of the hydroxamic nitrogen across a triple bond has been reported earlier by Elguero et al.
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The structure of azaheterocyclic hydroxamic acids 3a-c was determined by microanalyses and spectral data. The IR spectrum of 3a showed absorption bands at 3110 and 1702 cm -1 attributable to O-H and C=O groups, respectively. The 15 NMR spectrum of 3a showed two different N-atoms with chemical shifts at -193.0 (N-1) and -298.6 (N-4) ppm. In 15 N DEPT experiments without 1 H-decoupling, the resonance signal (-193 .0 ppm) of the N-1 atom of 3a appeared as a singlet, thus indicating the absence of an NH moiety. This definitely ruled out the corresponding six-membered structure 4, for which signals of a NH substructure and tertiary nitrogen atom would be expected. The assignments presented in Figure 2 were based on the combined application of standard NMR techniques such as NOE-difference (Figure 2b ), The single crystal X-ray structure of 3a ( Figure 3 ) 19 shows that the skeleton of the asymmetric unit contains the imidazo[1,2-a]indole ring system, with the external hydroxy group attached to the atom N(1). The bond lengths, bond angles and dihedral angles are typical for the azaheterocyclic hydroxamic acid core and related to 1-hydroxy-1,3-imidazolidin-4-one. [20] [21] [22] (a) (b) 23 In that case diazomethane reacted as a base to deprotonate the hydroxamic acid, resulting in a methyldiazonium ion which selectively methylated the generated hydroxamate anions. 24 The alkylation of hydroxamic acid 3a with trimethylsilyldiazomethane -a mild and efficient reagent used for the O-methylation of carboxylic acids and alcohols as a safer alternative for highly toxic and explosive diazomethane -was investigated.
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Treatment of hydroxamic acid 3a with trimethylsilyldiazomethane in a mixture of benzene and methanol (3:1) at room temperature afforded 1-methoxy-1H-imidazo[1,2-a]indol-2(3H)-one 6a in 71% yield after column chromatography (Scheme 2). O-Ethylation of compound 3a
was easily achieved by reaction of hydroxamic acid 3a with triethyloxonium tetrafluoroborate, a reagent used for the selective alkylation of O-alkylarylhydroxamic acids, 26 and gave compound 6b in 54% yield. Further experiments showed that the hydroxy functionality of 3a
can be smoothly O-alkylated with methyl and ethyl iodide in the presence of potassium carbonate, providing the desired products 6a,b in 90% and 78% yield, respectively. The reaction with benzyl chloride resulted similarly in benzyl ether 6c in 66% yield (Scheme 2).
The deprotonation of N-substituted lactams with a strong lithium base in THF, followed by reaction of the formed enolates with haloalkanes is known to lead to α-C-alkylated lactams. 27 However, treatment of compounds 6 possessing the N-(alkyloxy)lactam moiety, with n-BuLi in THF followed by addition of iodomethane afforded exclusively the O-methylated products
7.
The structure of the latter was confirmed by the presence of a singlet of H-3 in the range of 4.98-5.16 ppm in the 1 H NMR spectra and a signal of C-3 at ~89.0 ppm in the 13 C NMR spectra (CDCl 3 It is known that hydroxamic acids are more stable in basic medium than in acidic medium.
The products resulting from their acidic hydrolysis usually are hydroxylamine and the parent carboxylic acid. 34 Prolonged storage of the solution of 1-hydroxy-9,9a-dihydro-1H- The single crystal X-ray analysis of tetrafluoroborate 11 discloses that a molecule of crystallization water is present in the crystal lattice which bridges the oxygen of the carboxyl group and the BF 4 -anion via hydrogen bonding ( Figure 5a ). The crystal structure is assembled from hydrogen-bonded dimers (Figure 5b ). When 1-hydroxy-9,9a-dihydro-1H-imidazo[1,2-a]indol-2(3H)-one 3a was reacted under similar reducing conditions, the expected reaction did not occur and most of the starting material was recovered unchanged.
However, transformation of cyclic hydroxamic acid 3a to the reduced compound 12 was easily achieved by treatment with NaBH 4 in glacial acetic acid as solvent instead of ethanol (Scheme 3). It can be assumed that in the first step of this reductive ring opening, acetic acid promotes cleavage of the annelated lactam moiety leading to the formation of the corresponding 1-[2-(hydroxyamino)-2-oxoethyl]-3H-indolium acetate. Subsequently, in situ generated acetoxyborohydride 36, 37 smoothly reduces the iminium group to afford indoline 12. (Figure 6a, b) . The assignments presented in Figures 6a,b were based on the combined application of standard NMR techniques such as NOEdifference, NOESY, APT, DEPT, HSQC, HMBC and long-range INEPT spectra with selective excitation. 18 The 1 H NMR spectrum of substituted lactam 15 contained a doublet at 
Experimental

General
The melting points were determined in open capillary tubes on a Büchi B-540 melting point apparatus and are uncorrected. Infrared spectra were recorded with a Perkin Elmer Spectrum
One spectrometer using potassium bromide pellets. 1 H NMR spectra were recorded at 300
MHz on a Varian Unity Inova spectrometer and at 500 MHz on a Bruker Avance 500 spectrometer; 13 C NMR spectra were registered at 75 and 125 MHz, respectively. Chemical shifts, expressed in ppm, were relative to tetramethylsilane (TMS). 15 N NMR spectra (50.69
MHz) were obtained on a Bruker Avance 500 spectrometer using a 'directly' detecting broadband observe probe and were referenced against neat, external nitromethane (coaxial capillary). Mass spectra were measured using a Waters ZQ instrument (ion spray). Diffraction data were collected on a Bruker-Nonius KappaCCD difractometer at room temperature and also at -100 °C. The crystal structures were solved using known programs. (silica gel 60 F254) were used. Dry THF was distilled from sodium and benzophenone.
Procedures for preparation of 1-hydroxy-9,9,9a-trimethyl-9,9a-dihydro-1H-imidazo[1,2-a]indol-2(3H)-ones (3)
1-Hydroxy-9,9,9a-trimethyl-9,9a-dihydro-1H-imidazo[1,2-a]indol-2(3H)-one (3a)
Method A: To a solution of chloride 1a (3.79 g, 15 mmol) in dry methanol (20 mL) hydroxylamine hydrochloride (3.13 g, 45 mmol) and powdered sodium hydroxide (2.40 g, 60 mmol) were added and the mixture was refluxed for 0.5 h. The insolubles formed were removed by filtration and the filtrate was concentrated under reduced pressure. -7,9,9,9a-tetramethyl-9,9a-dihydro-1H-imidazo[1,2-a] , 46.9 (C-9), 50.9 (C-3), 92.7 (C-9a), 111. 2, 122.7, 127.7, 130.3, 138.7, 148.5, 172.0 (C=O) , 7.37; N, 11.37. Found: C, 68.47; H, 7.53; N, 9, (6) 4. 9, 
1-Hydroxy
indol-2(3H)-one (6a)
Method A: To a solution of compound 3a (100 mg, 0.43 mmol) in 4 mL of benzene/methanol 27; H, 7.37; N, 11.37. Found: C, 67.89; H, 7.26; N, 11.13 .
Method B:
To a solution of compound 3a (465 mg, 2 mmol) in DMF (5 mL), K 2 CO 3 (304 mg, 2.2 mmol) was added and the mixture was stirred for 15 min. Then methyl iodide (0.15 mL, 0.34 g, 2.4 mmol) was added to the mixture and stirring was continued for 16 h. The reaction mixture was poured into water (15 mL), extracted with EtOAc (3×15 mL), the combined organic layers were dried over Na 2 SO 4 and filtered. The solvent was evaporated under reduced pressure and the product was isolated by chromatography on a silica gel column using hexane/EtOAc as eluent (3:1 v/v) to give the compound 6a (0.44 g, 90%). Mp and NMR spectroscopy data of the title product 6a were identical with those obtained by Method 9, 
indol-2(3H)-one (6b)
Method A: To a solution of compound 3a (100 mg, 0.43 mmol) in dichloromethane (3 mL), triethyloxonium tetrafluoroborate (106 mg, 0.56 mmol) was added and the reaction mixture was stirred for 18 h at room temperature. Then the mixture was washed with water (5 mL), dried over MgSO 4 and filtered. The solvent was evaporated under reduced pressure and the product was isolated by chromatography on a silica gel column using hexane/EtOAc (4:1 v/v) as eluent to give the title compound 6b as colorless oil (60 mg, 54% 20; H, 7.74; N, 10.76. Found: C, 68.89; H, 7.26; N, 10.36 .
Method B:
The procedure for the synthesis of 6a (Method B) was followed using compound 3a (465 mg, 2 mmol), K 2 CO 3 (304 mg, 2.2 mmol) and ethyl iodide (0.192 mL, 374 mg, 2.4 mmol) at room temperature for 16 h to give 6b (405 mg, 78%). NMR spectroscopy data of the title product 6b were identical with those obtained by 9, 
indol-2(3H)-one (6c)
The procedure for the synthesis of 6a (Method B) was followed using compound 3a (465 mg, 111.3, 122.1, 122.3, 127.8, 128.5 (2×C), 128.6, 129.1 (2×C), 134.9, 138.7, , 6.88; N, 8.69. Found: C, 74.03; H, 7.13; N, 8.75 . 9, 113.9, 122.0, 123.0, 128.4, 141.5, 145.5, 20; H, 7.74; N, 10.76. Found: C, 68.97; H, 7.82; N, 9, (CH 3 ), 49.1 (C-9), 61.1 (OCH 2 ), 88.9 (C-3), 90.5 (C-9a), 113.7, 122.0, 122.9, 128.3, 141.4, , 8.08; N, 10.21. Found: C, 69.89; H, 7.76; N, 9, 23.84, 49.23, 49.44, 57.66, 57.69, 116.33, 116.42, 116.5, 125.30, 131.90, 131.94, 133.01, 133.08, 142.97, 143.22, 143.30, 164.82, 203.39, 203.43 To a solution of compound 3a (200 mg, 0.8 mmol) in glacial acetic acid (2 mL), sodium borohydride (98.8 mg, 2.6 mmol) was added in portions and the mixture was stirred at ambient temperature for 3 h. The reaction mixture was poured into water (5 mL), the solution was neutralized with sodium carbonate to pH 9 and extracted with Et 2 O (3×5 mL). The combined organic extracts were washed with brine (3 mL), dried over Na 2 SO 4 and filtered. , 7.74; N, 11.96. Found: C, 66.86; H, 7.77; N, 11.53 .
General
1,
4.8.
Procedure for the preparation of 1,3,9,9,9a-pentamethyl-9,9a-dihydro-1H-
imidazo[1,2-a]indol-2(3H)-one (15)
n-BuLi (3 mL, 4.8 mmol, 1.6 M in hexane) was added to a solution of compound 13 (920 mg, 4 mmol) in THF (13 mL) under argon at -78 °C. After stirring for 1 h, a solution of methyl iodide (681 mg, 4.8 mmol) in dry THF (8 mL) was added dropwise over 20 min, and the mixture allowed to reach ambient temperature. After 3 h, the reaction mixture was quenched with a ammonium chloride solution (10%, 25 mL) and extracted with EtOAc (2×15 mL). The combined organic extracts were washed with water (15 mL), dried over Na 2 SO 4 , filtered and the solvent was evaporated under reduced pressure. , 8.25; N, 11.47. Found: C 73.51; H 8.15; N 11.68. 
